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O (54) Title: MICROBIOLOGICAL CONTROL IN ANIMAL PROCESSING 
t-H 

^ (57) Abstract: Fecal bacterial contamination in an animal is reduced by providing it with drinking water containing a microbio- 
cidally-effective amount of halogen-based microbiocide resulting from mixing with water (A) a product formed in water from (i) 

2 bromine, chlorine, or bromine chloride, or any two or more thereof, (ii) a water-soluble source of sulfamate anion, and (iii) a wa- 
ter-soluble base; (B) at least one l,3-dihalo-5,5^dialkylhydantoin in which one of the halogen atoms is a chlorine atom and the other 

Q is a chlorine or bromine atom, and in which each alkyl group, independently, contains in the range of 1 to about 4 carbon atoms; (C) 
at least one l,3-dibromo-5,5-dialkylhydantoin in which one of the alkyl groups is a methyl group and the other alkyl group contains 

^ in the range of 1 to about 4 carbon atoms; or (D) any two or more of (A), (B), and (C). 
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MICROBIOLOGICAL CONTROL tN ANIMAL PROPFSSlNr. 

BACKGROUND 

[0001 J Animal processing for meat products is an area in which microbiological control is 
of vital importance. By the very nature of the processing involved there are numerous 
opportunities for the live animals to be exposed to various pathogens in the form of mobile 
bacteria. The thought of handling, processing and consuming bacteria-infested meat is 
revolting in the extreme. Furthermore, new government rules and standards require that 
additional attention be paid to both production and processing areas to assure reduced 
contamination of consumer meat. 

[0002] Heretofore certain halogen-containing compositions have been proposed for use as 
additives to animal drinking water as a potential way of reducing bacterial activity. For 
example U.S. Pat. No. 4,822,5 12 describes tests in which a formulation composed of 1 .5 parts 
of sodium chloride, 50 parts of potassium persulfate triple salt, 5 parts of sulfamic acid, 10 
parts of malic acid, 18.5 parts of sodium hexametaphosphate and 15 parts of sodium 
dodecylbenzene was added to drinking water for poultry and day-old chicks. As to the results 
of these tests, the patent reports only that as compared to a control group the birds and chicks 
given this formulation gained more weight. In a paper published in Poultry Science, 1 982, 
61, 1968-1971, Mora, Kohl, Wheatley, Worley, Faison, Burkett, and Bodor report results of 
studies in which 1 5 -day old broilers were given untreated drinking water or water treated with 
200 ppm of 3-chloro-4,4-dimethyl-2-oxazohdinone (CDO). The authors concluded that 
during the 8-week period of the tests no significant differences were noted in the amounts of 
food or water consumed, that no statistically significant differences were seen between the 
weights of the test groups and their respective controls, and that no significant gross 
differences in internal organs were observed that could be attributed to the ingestion of the 
CDO. More recently, U.S. Pat. No. 6,099,855 teaches administration via drinking water to 
baby chicks and to 6-week-old male and female broilers infected with Salmonella 
typhimurium of pH-buffered redox-stabilized compositions comprising halide and oxyhalide 
ions. SeealsorelatedU.S.Pat.Nos.5,830,511;and 6,004,587. A product of this type viz. 
Aquatize biocide (Bioxy Incorporated) is believed to be a composition of this type. 
[0003] One ubiquitous source of microbial contamination in animal processing is animal 
fecal matter. It would be of considerable benefit if a highly effective way could be found of 
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reducing the bacterial content of animal fecal matter. 

BRIEF SUMMARY OF THE INVENTION 
[0004] This invention fulfills the foregoing need by providing and utilizing certain water- 
based compositions for reducing microbial contamination in and from animal fecal matter. 
Compositions of this invention have proven to be highly effective against fecal microbial 
contamination when used as drinking water for the animals. In addition, this invention makes 
possible the provision of microbiocidally-effective drinking water compositions for animals 
which result in little, if any, reduction in food and water consumption, and little, if any, 
adverse effect on intestinal condition of animals consuming such compositions. Moreover, 
microbiocidal agents used pursuant to this invention can be produced economically in 
straightforward processing from relatively low cost raw materials and because of their 
effectiveness when used as components of animal drinking water, can provide microbiological 
control on an economical basis consistent with the needs of the meat processing industry. 
[0005] In one of its embodiments this invention provides a method of reducing fecal 
contamination in an animal, which method comprises providing to the animal drinking water 
containing a microbiocidally-effective amount of halogen-based microbiocide resulting from 
mixing with water: 

A) a product formed in an aqueous medium from (i) bromine, chlorine, or bromine 
chloride, or any two or all three thereof, (ii) a water-soluble source of sulfamate anion, 
and (iii) a water-soluble base; or 

B) at least one l,3-dihaio-5,5-dialkylhydantoin in which one of the halogen atoms is a 
chlorine atom and the other is a chlorine or bromine atom, and in which each of the 
alkyl groups, independently, contains in the range of 1 to 4 carbon atoms; or 

C) at least one l,3-dibromo-5,5-dialkylhydantoin in which one of the alkyl groups is a 
methyl group and the other alkyl group contains in the range of 1 to 4 carbon atoms; 
or 

D) any two or more of A), B), and C) hereof. 

This method is especially advantageous when used prior to slaughter (often termed as 
"preharvest") in the processing of animals for meat products. However the method is not 
limited to just preharvest. The method has other applications as well, such as reducing 
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bacterial contamination in the soil, litter, or bedding that is found in animal rearing houses 
resulting from feces from domestic or farm animals, or improving the sanitation of facilities 
housing egg-laying hens. 

[0006] Another embodiment of this invention is drinking water for animals, especially 
poultry, cattle, sheep, or swine, wherein said drinking water contains a microbiocidally- 
effective amount of halogen-based microbiocide resulting from mixing A), B), C), or D) 
above with water. In this connection, the term "animals" includes ruminants and 
monogastrics, such as domestic animals and pets, farm animals, animals raised for harvest, 
and so-called wild animals whether in zoos or in the wild. Such drinking water is useful in 
reducing the spread of diseases resulting from exposure to bacteria or other pathogens often 
contained in animal fecal matter. Such drinking water is preferably used in a facility for 
processing of animals for at least one meat product, such facility having at least one container 
of drinking water accessible to at least one animal prior to slaughter. The sanitation of the 
facility is improved and fecal bacterial contamination of the animals is reduced by the 
presence in such drinking water of a microbiocidally-effective amount of halogen-based 
microbiocide resulting from mixing A), B), C), or D) above with water. 
[0007] A microbiocide from each of A), B), and C) has been shown to be effective against 
fecal bacteria when used in drinking water for such animals as poultry, cattle, and swine. 
Moreover, tests conducted under actual service conditions have indicated that at least 1,3- 
dibromo-5,5-dimethylhydantoin, N,N , -bromochloro-5,5-dimethylhydantoin, and an alkaline 
aqueous solution of product formed in an aqueous medium from bromine chloride and sodium 
sulfamate and sodium hydroxide did not create excessive mortality or weight gain loss in baby 
chicks prior to sacrifice. 

[0008] In preferred embodiments, the halogen-based microbiocide added to the drinking 
water for the animals is (a) a bromine-based microbiocide comprising an overbased aqueous 
microbiocidal solution of one or more active bromine species, said species resulting from a 
reaction in water between bromine or bromine chloride, a mixture of bromine chloride and 
bromine, or a combination of bromine and chlorine in which the molar amount of chlorine is 
either equivalent to the molar amount of bromine or less than the molar amount of bromine, 
and a water-soluble source of sulfamate anion, or (b) at least one l,3-dibromo-5,5- 
dialkylhydantoin in which one of the alkyl groups is a methyl group and the other alkyl group 
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contains in the range of 1 to about 4 carbon atoms, or (c) both of (a) and (b) hereof. Such 
bromine-based microbiocides are more effective than corresponding chlorine-based 
microbiocides against various microorganisms. In addition, these bromine-based 
microbiocides tend to be less odorous than chlorine-based microbiocides, and are essentially 
devoid of unwanted bleaching activity. Moreover, while some of the bromine-based 
microbiocides may possibly react with nitrogenous species, such as are present in fecal matter, 
the resultant bromamines would also possess microbiological activity. Thus such side 
reactions would not materially decrease the microbiological effectiveness made available to 
the meat processor by use of these bromine-based microbiocides in the animal drinking water. 
Furthermore, bromamines generally do not exhibit obnoxious properties toward workers in 
the processing plant whereas chloramines resulting from use of certain chlorine-based 
microbiocides under the same conditionsjtend to be powerful Iachrymators. 
[0009] In particularly preferred embodiments, the halogen-based microbiocide added to the 
drinking water for the animals is at least one l,3-dibromo-5,5-dialkylhydantoin in which one 
of the alkyl groups is a methyl group and the other alkyl group contains in the range of 1 to 
about 4 carbon atoms. Such bromine-based microbiocides are especially effective against 
fecal bacteria when used in the practice of this invention. l,3-Dibromo-5,5- 
dimethylhydantoin is particularly preferred for use in the practice of this invention. 
[001 0] The aqueous microbiocidal solutions used as animal drinking water pursuant to this 
invention can be formed from microbiocides of types B) and/or C) above by mixing such 
microbiocidal agent(s) in undiluted form (i.e., in solid form such as powder, particles, 
granules or tablets) or as a preformed aqueous solution thereof with water to be used as 
drinking water for the animals. To form the finished suitably dilute animal drinking water 
solution of this invention the solids can thus be added to, mixed with, or dissolved in water 
in proportions such that the desired microbiocidally effective amount of one or more halogen 
species is present in the water as the result of a single step operation where the intended end 
use dosage level is achieved without further dilution. Alternatively the solids can be added 
to, mixed with, or otherwise introduced into water using proportions that result in a more 
concentrated solution (or slurry) which then is diluted with water one or more times to form 
a final solution in which the desired microbiocidally effective amount of one or more halogen 
species is present in the water. In all such cases, the resultant suitably dilute microbiocidal 
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solution of this invention containing the appropriate microbiocidally effective amount of one 
or more halogen species the can then be used as animal drinking water to reduce fecal 
microbial contamination. The microbiocides of type A) above are typically prepared or 
provided in the form of a preformed aqueous concentrate containing, say, at least about 50,000 
ppm (wt/wt) and preferably at least about 1 00,000 ppm (wt/wt) of active bromine and thus the 
concentrate is added to and mixed with, or diluted in stages, whichever is desired, to form the 
suitably dilute microbiocidal solution of this invention for use as animal drinking water. Such 
concentrates typically have an atom ratio of nitrogen from sulfamate to active bromine that 
is greater than about 0.93, and preferably greater than 1, and has a pH of at least about 12and 
preferably in the range of 13 to 14. An aqueous concentrate of type A) is available in the 
m arketplaceasStabrom®909biocide(AlbemarleCorporation). Such commercially-available 
concentrates will typically contain in the rangeof 145,000 to 160,000 ppm of active bromine. 
[0011] Other embodiments, features and advantages of this invention will be still further 
apparent from the ensuing description and appended claims. 

FURTHER DETAILED DESCRIPTION OF THE INVENTION 
10012] One group of halogen-based microbiocides for use in this invention is an aqueous 
microbiocidal solution of one or more active halogen species, said species resulting from a 
reaction in water between bromine, chlorine, or bromine chloride, or any two or all three 
thereof, and a water-soluble source of sulfamate anion. If sulfamic acid is used in forming 
this microbiocide, the solution should also be provided with a base, preferably enough base 
to keep the solution alkaline, i.e., with a pH above 7, preferably above about 10 and most 
preferably about 13 or above. The lower the pH, the more unstable the solution, and thus if 
the solution is prepared on site for immediate use, the use of a base is not essential. However, 
it is preferable to employ a concentrated microbiocidal solution manufactured elsewhere, and 
in such case the concentrated solution would be provided as an overbased solution with a pH 
of, say, about 13 or more. Often such concentrated solutions will contain over 50,000 ppm 
(wl/wt) of active halogen, preferably at least about 100,000 ppm (wt/wt) of active halogen. 
Active halogen content is determinable by use of conventional starch-iodine titration. For 
convenience, products of this type are sometimes referred to hereinafter as sulfamate- 
stabilized bromine chloride or more simply, SSBC. 
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[0013] One preferred group of this type is a bromine-based microbiocidal solution formed 
by reacting bromine or, more preferably bromine chloride, a mixture of bromine chloride and 
bromine, or a combination of bromine and chlorine in which the molar amount of chlorine is 
either equivalent to the molar amount of bromine or less than the molar amount of bromine, 
in an aqueous medium with sulfamic acid and/or a water-soluble salt of sulfamic acid. Except 
when made on site for immediate use, such solutions should be highly alkaline solutions 
typically with a pH of at least about 12 and preferably at least about 13, such pH resulting 
from use of a base such as sodium hydroxide or the like, in producing the solution. The 
solution typically contains at least 100,000 ppm (wt/wt) of active bromine, e.g., as much as 
145,000 to 160,000 ppm of active bromine. Processes for producing concentrated aqueous 
microbiocidal solutions of this type are described in U.S. Pat. Nos. 6,068,86 1 , issued May 30, 
2000, and 6,299,909 Bl, issued October 9, 2001, all disclosures of which are incorporated 
herein by reference. Concentrated solutions of this type are available in the marketplace, for 
example, Stabrom 909 biocide (Albemarle Corporation). 

[0014] It will be appreciated that even where the microbiocide is made from bromine 
chloride, a mixture of bromine chloride and bromine, or a combination of bromine and 
chlorine in which the molar amount of chlorine is either equivalent to the molar amount of 
bromine or less than the molar amount of bromine is used, the microbiocide is bromine-based 
as most of the chlorine usually winds up as a chloride salt such as sodium chloride since an 
alkali metal base such as sodium hydroxide is typically used in the processing to raise the pH 
of the product solution to at least about 13. Thus the chlorine in the product solution is not 
present as a significant microbiocide. 

[0015] Another group of halogen-based microbiocides for use in this invention is one or 
more N,]Sr-dihalo-5,5-dialkyl hydantoins in which one of the halogen atoms is chlorine and 
the other is bromine or chlorine, and in which the alkyl groups, independently, each contain 
from 1 to about 4 carbon atoms. Suitable compounds of this type include, for example, such 
compounds as l,3-dichloro-5,5-dimethylhydantoin, l,3-dichloro-5,5-diethylhydantoin, 1,3- 
dichloro-5,5-di-n-butylhydantoin, l,3-dichloro-5-ethyl-5-methylhydantoin, N,N'- 
bromochloro-5,5-dimethylhydantoin, N,N'-bromochloro-5-ethyl-5-methylhydantoin, N,N'- 
bromochloro-5-propyl-5-methylhydantoin, N,N'-bromochloro-5-isopropyl-5- 
methylhydantoin, N,N'-bromochloro-5-butyl-5-methylhydantoin, N,N'-bromochloro-5- 



6 



W ° 03/011033 PCT/US02/20070 

isobutyl-5-methylhydantoin, N,N^bromochloro-5-sec-butyl-5-methylhydantoin, N,N*- 

bromochloro-54ert-butyl-5-methymydantoin ) N,N 1 -bromochloro-5,5-diethyIhydantoin,and 
mixtures of any two or more of the foregoing. A mixture of l,3-dichloro-5,5- 
dimethylhydantoin and l,3-dichloro-5,5-diethylhydantoin is available under the trade 
designation Dantochlor® biocide (Lonza Corporation). N,N^bromochIoro-5,5-dimethylhy- 
dantoin is available commercially under the trade designation Bromicide® biocide (Great 
Lakes Chemical Corporation). Another suitable bromochlorohydantoin is composed of a 
mixture of a predominate amount by weight of N,N'-bromochloro-5,5-dimethylhydantoin 
together with a minor proportion by weight of l,3-dichloro-5,5-dimethylhydantoin and 1,3- 
dichloro-5-ethyl-5-methylhydantoin. A mixture of this latter type is available in the 
marketplace under the trade designation Dantobrom® biocide (Lonza Corporation) which is 
believed to contain about 60 wt% of N,N'-bromochloro-5,5-dimethylhydantoin, about 27.4 
wt% of l,3-dichloro-5,5-dimethylhydantoin, about 10.6 wt% of l,3-dichloro-5-ethyl-5- 
methylhydantoin, and about 2 wt% of inerts. As between the 1 ,3-dichloro-5,5- 
dialkylhydantoins and N > N , -bromochloro-5,5-dialkylhydantoins, the latter are preferred as 
they have greater microbiocidal effectiveness. 

[001 6] When a mixture of two or more of the foregoing N.N'-dihalo-S.S-dialkylhydantoin 
biocides is used pursuant to this invention, the individual biocides of the mixture can be in any 
proportions relative to each other. 

[0017] It will be understood that the designation N.N 1 in reference to, say, N,N'- 
bromochloro-5 ,5-dimethylhydantoin means that this compound can be (1 ) 1 -bromo-3-chloro- 
5,5-dimethylhydantoin, or (2) l-chloro-3-bromo-5,5-dimethylhydantoin, or (3) a mixture of 
l-bromo-3-chIoro-5,5-dimethylhydantoin and l-chloro-3-bromo-5,5-dimethylhydantoin. 
Also, it is conceivable that some l,3-dichloro-5,5-dimethylhydantoin and l,3-dibromo-5,5- 
dimethylhydantoin could be present in admixture with (1), (2), or (3). 
[0018] An even more preferred system for use in the practice of this invention is a bromine- 
based microbiocidal solution of a 1 ,3-dibromo-5,5-dialkylhydantoin in which one of the alkyl 
groups is a methyl group and the other alkyl group contains in the range of 1 to about 4 carbon 
atoms. Thus these preferred biocides comprise l,3-dibromo-5,5-dimethylhydantoin, 1,3-di- 
bromo-5-ethyl-5-methylhydantoin, l,3-dibromo-5-n-propyl-5-methylhydantoin, 1,3-dibromo- 
5-isopropyl-5-methylhydantoin,l,3-dibromo-5-n-butyl-5-methylhydantoin,l ) 3-dibromo-5- 
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isobutyl-5-methylhydantoin, 1 ,3-dibromo-5-sec-butyl-5-methylhydantoin, 1 ,3-dibromo-5-tert- 
butyl-5-methylhydantoin, and mixtures of any two or more of them. Of these biocidal agents, 
1 ,3-dibromo-5-isobutyl-5-methylhydantoin, 1 ,3-dibromo-5-n-propyl-5-methylhydantoin, and 
1 ,3-dibromo-5-ethyl-5-methylhydantoin are, respectively, preferred, more preferred, and even 
more preferred members of this group from the cost effectiveness standpoint. Of the mixtures 
of the foregoing biocides that can be used pursuant to this invention, it is preferred to use 1 ,3- 
dibromo-5,5-dimethy!hydantoin as one of the components, with a mixture of l,3-dibromo-5,5- 
dimethylhydantoin and 1 ,3-dibromo-5-ethyl-5-methylhydantoin being particularly preferred. 
The most preferred member of this group of microbiocides is l,3-dibromo-5,5- 
dimethylhydantoin. This compound is available in the marketplace in tablet or granular form 
under the trade designation Albrom 1 00 biocide (Albemarle Corporation). Preferred is 1,3- 
dibromo-5,5-dimethylhydantoin in granular form with a compression strength of at least 15 
pounds per inch and more preferably at least 20 pounds per inch, which is devoid of any 
binder or other additive component that tends to increase the compression strength of the 
granules, and which has not been melted to form the granules. 

[0019] To determine the compression strength of granules, individual granules are subjected 

® 

to crush strength testing utilizing a Sintech 1/S compression apparatus (MTS Systems 
Corporation, Edenprairie, Minnesota) equipped with Testworks software, which software is 
installed in the 1/S compression apparatus as supplied by MTS Systems Corporation. The 
apparatus includes a horizontal circular-shaped load cell interfaced with a computer, a digital 
micrometer also interfaced with the computer, and a vertical screw-driven piston that is 
disposed above the load cell and adapted to apply a downward force perpendicular to the load 
cell. The procedure for measuring crush strength involves measuring the thickness of the 
granule with the micrometer to provide a digitized input to the computer. Next the granule 
is placed on the load cell with the piston in contact with the upper surface of the granule. 
Then the apparatus is activated whereby the piston commences applying a progressively 
increasing downward force to the granule. At the same time, the load cell continuously 
measures the downward force being applied to the granule, and the input of such 
measurements is transmitted to the computer. When the force being applied reaches the point 
where the amount of force suddenly decreases to 1 0% of the immediately preceding force, the 
granule has reached the breaking point, and the application of the force is immediately 



8 



WO 03/011033 

PCT/US02/20070 

terminated by the software program. From the inputs to the computer, two values are 
provided, namely the pounds of force at the breaking point of the granule, and the pounds of 
force per inch thickness of the granule at the breaking point. Thus the greater the force 
applied, the greater the strength. Typically, the test is conducted thirteen times using thirteen 
randomly selected granules. The results are then averaged. 

[0020] When a mixture of two or more of the foregoing 1 ,3-dibromo-5,5-dialkylhydantoin 
biocides is used pursuant to this invention, the individual biocides of the mixture can be in any 
proportions relative to each other. 

[0021] The halogen-based microbiocides used pursuant to this invention are typically 
employed in drinking water at dosage levels in the range of 0.5 to 25 ppm (wt/wt) expressed 
as Cl 2 equivalent. However whenever deemed necessary or appropriate, departures from this 
range are permissible and are within the scope of this invention. 

[0022] Methods for producing l,3-dibromo-5,5-dialkylhydantoins are known and reported 
in the literature. 

[0023] The amount (concentration) of the selected microbiocide utilized in the practice of 
this invention may vary depending on various factors such as the particular microbiocide 
being used, the species, age and size of the animal(s) to which the drinking water is to be 
provided, the duration of the time during which the treated drinking water is to furnished to 
the animal(s), the nature and frequency of prior microbiocidal treatments, if any, to which the 
animal has been subjected, the types and nature of the microorganisms to which the animal 
has been exposed, and so on. In any event, a microbiocidally-effective amount of the 
microbiocide of this invention will be introduced into the water to be supplied to the animal(s) 
being treated, such that the amount of microbes or bacteria in the fecal matter of the animal 
is reduced. Yet the amount of such microbiocide should not be such as to (i) inhibit the 
animals from ingesting the treated wateror(ii) leave excessive residues from the microbiocide 
in the edible portions of the animals. Optimal amounts of the microbiocide in the drinking 
water can be determined by performing preliminary tests with the particular microbiocide and 
type of animal being processed, using as a general guideline a microbiocidally-effective 
amount of active halogen in the range of 1 to 100 ppm (wt/wt), preferably in the range of 4 
to 50 ppm (wt/wt), and more preferably in the range of 4 to 30 ppm (wt/wt) of active bromine. 
If the actual active halogen present is chlorine, these values are divided by 2.25. Thus the 
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animal drinking water compositions of this invention for use with fowl, cattle, sheep, or swine 
will typically contain microbiocidally-effective amounts of active halogen in these ranges. 
In these concentration ranges, active chlorine or bromine content can be determined 
analytically by use of the conventional DPD test procedure. In the case of the 1,3-dibromo- 
5,5-dialkylhydantoins used pursuant to this invention, in ordinary situations concentrations 
will typically be within the range of 1 to 50 ppm (wt/wt) (/.e., 0.5 to 25 ppm wt/wt expressed 
as chlorine equivalent. Preferably the concentration of the l,3-dibromo-5,5- 
dialkylhydantoin(s) in the water will be in the range of 4 to 20 ppm wt/wt, and more 
preferably in the range of 5 to 10 ppm of the l,3-dibromo-5,5-dialkylhydantoin(s) in the 
water. It will be understood that departures from the foregoing ranges can be made whenever 
deemed necessary or desirable, and such departures are within the spirit and scope of this 
invention. 

[0024] As can be seen from the above, there are two different types of analytical procedures 
that are used for determining active halogen content, whether active chlorine, active bromine 
or both. In the case of the more highly-soluble microbiocides used pursuant to this invention, 
to measure concentrations in the vicinity of above about, say, 2475 ppm (wt/wt) of active 
bromine or, say, above about 1100 ppm of active chlorine, starch-iodine titration is the 
preferred procedure. In the case of the less soluble microbiocides used pursuant to this 
invention, (i.e., the dibromodialkylhydantoins) to measure concentrations in the vicinity of 
above about, say, 1 300 ppm (wt/wt) of active bromine or, say, above about 580 ppm of active 
chlorine, starch-iodine titration is the preferred procedure. On the other hand, where 
concentrations are below levels in the foregoing vicinities, the conventional DPD test 
procedure is more suitable, as this test is designed for measuring very low active halogen 
concentrations, e.g., active chlorine concentrations in the range of from zero to about 11-12 
ppm (wt/wt) or active bromine concentrations in the range of from zero to about 25-27 ppm 
(wt/wt). In fact, where the actual concentration of active chlorine is between, say, about 11-12 
ppm and about 1 100 ppm (wt/wt), or the where the actual concentration of active bromine is 
between, say, 25 ppm and 2475 ppm (wt/wt), the test sample is typically diluted with pure 
water to reduce the actual concentration to be in the range of 4 to 11-12 ppm in the case of 
active chlorine and to be in the range of 4.5 to 12 ppm in the case of active bromine before 
making the DPD analysis. It can be seen therefore that while there is no critical hard-and-fast 
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concentration dividing line between which procedure to use, the approximate values given 
above represent a practical approximate dividing line, since the amounts of water dilution of 
more concentrated solutions when using the DPD test procedure increase with increasing 
initial active halogen concentration, and such large dilutions can readily be avoided by use of 
starch-iodinetitration when analyzing the more concentrated solutions. In short, with suitably 
dilute solutions use of the DPD test procedure is recommended, and with more concentrated 
solutions use of starch-iodine titration is recommended. 

[0025] The starch-iodine titration procedure for determination of active halogen has long 
been known. For example, chapter XIV of Willard-Furman, Elementary Quantitative 
Analysis, Third Edition, D. VanNostrand Company, Inc., New York, Copyright 1933, 1935, 
1 940 provides a description of starch-iodine titration. While details of standard quantitative 
analytical procedures for determination of active halogen in such product solutions by starch- 
iodine titration may vary from case to case, the results are normally sufficiently uniform from 
one standard procedure to another as not to raise any question of unreliability of the results. 
A recommended starch-iodine titration procedure is as follows: A magnetic stirrer and 50 
milliliters of glacial acetic acid are placed in an iodine flask. The sample (usually about 0.2- 
0.5g) for which the active halogen is to be determined is weighed and added to the flask 
containing the acetic acid. Water (50 milliliters) and aqueous potassium iodide (1 5%, wt/wt; 
25 milliliters) are then added to the flask. The flask is stoppered using a water seal. The 
solution is then stirred for fifteen minutes, afterwhich the flask is unstoppered and the stopper 
and seal area are rinsed into the flask with water. An automatic buret (Metrohm Limited) is 
filled with 0. 1 normal sodium thiosulfate. The solution in the iodine flask is titrated with the 
0. 1 normal sodium thiosulfate; when a faint yellow color is observed, one milliliter of a 1 wt% 
starch solution in water is added, changing the color of the solution in the flask from faint 
yellow to blue. Titration with sodium thiosulfate continues until the blue color disappears. 
The amount of active halogen is calculated using the weight of the sample and the volume of 
sodium thiosulfate solution titrated. In this way, the amount of active halogen such as active 
chlorineor active bromine in an aqueous product solution, regardless of actual chemical form, 
can be quantitatively determined. 

[0026J The standard DPD test for determination of low levels of active halogen is based on 
classical test procedures devised by Palin in 1974. See A. T. Palin, "Analytical Control of 
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Water Disinfection With Special Reference to Differential DPD Methods For Chlorine, 
Chlorine Dioxide, Bromine, Iodine and Ozone", J. Inst. Water Eng., 1974, 28, 139. While 
there are various modernized versions of the Palin procedures, the recommended version of 
the test is fully described in Hach Water Analysis Handbook, 3rd edition, copyright 1997. 
The procedure for "total chlorine" {i.e., active chlorine) is identified in that publication as 
Method 8167 appearing on page 379, Briefly, the "total chlorine" test involves introducing 
to the dilute water sample containing active halogen, a powder comprising DPD indicator 
powder, (i.e. , N,N'-diethyldiphenylenediamine), KI, and a buffer. The active halogen species 
present react(s) with KI to yield iodine species which turn the DPD indicator to red/pink. The 
intensity of the coloration depends upon the concentration of "total chlorine" species (i.e., 
active chlorine") present in the sample. This intensity is measured by a colorimeter calibrated 
to transform the intensity reading into a "total chlorine" value in terms of mg/L Cl 2 . If the 
active halogen present is active bromine, the result in terms of mg/L Cl 2 is multiplied by 2.25 
to express the result in terms of mg/L Br 2 of active bromine. 
[0027] In greater detail, the DPD test procedure is as follows: 

1 . To determine the amount of species present in the water which respond to the "total 
chlorine" test, the water sample should be analyzed within a few minutes of being 
taken, and preferably immediately upon being taken. 

2. Hach Method 8167 for testing the amount of species present in the water sample 
which respond to the "total chlorine" test involves use of the Hach Model DR 2010 
colorimeter. The stored program number for chlorine determinations is recalled by 
keying in "80'* on the keyboard, followed by setting the absorbance wavelength to 530 
nm by rotating the dial on the side of the instrument. Two identical sample cells are 
filled to the 10 mL mark with the water under investigation. One of the cells is 
arbitrarily chosen to be the blank. To the second cell, the contents of a DPD Total 
Chlorine Powder Pillow are added. This is shaken for 10-20 seconds to mix, as the 
development of a pink-red color indicates the presence of species in the water which 
respond positively to the DPD "total chlorine" test reagent. On the keypad, the SHIFT 
TIMER keys are depressed to commence a three minute reaction time. After three 
minutes the instrument beeps to signal the reaction is complete. Using the 1 0 mL cell 
riser, the blank sample cell is admitted to the sample compartment of the Hach Model 



12 



WO 03/011033 

PCT/US02/20070 

DR 2010, and the shield is closed to prevent stray light effects. Then the ZERO key 
is depressed. After a few seconds, the display registers 0.00 mg/L Cl 2 . Then, the 
blank sample cell used to zero the instrument is removed from the cell compartment 
of the Hach Model DR 2010 and replaced with the test sample to which the DPD 
"total chlorine" test reagent was added. The light shield is then closed as was done for 
the blank, and the READ key is depressed. The result, in mg/L Cl 2 is shown on the 
display within a few seconds. This is the "total chlorine" level of the water sample 
under investigation. 

3. To convert "total chlorine" to "total bromine" the value obtained for "total chlorine" 
should be multiplied by 2.25. Total bromine is, in the case of the microbiocides used 
in the practice of this invention, the same as active bromine. 
[0028] The duration of the period during which an animal drinking water composition of 
this invention is made available to the animal(s) can be varied, depending upon such factors 
as the type, size and age of the animal(s) and the identity of the particular microbiocide being 
used pursuant to this invention. Typically, with fowl such as chickens, ducks, geese, or 
turkeys entirely satisfactory reductions in fecal microbiological contamination may be 
achieved within periods of 1 to 1 0 days after making the treated drinking water continuously 
available to the fowl. On the other hand with larger animal species such as cattle, sheep, or 
swine, beneficial reductions in fecal microbiological contamination may be achieved in 
periods in the range of 1 to 30 days after making the treated drinking water continuously 
available to such animals. In the case of animal harvesting, usually the drinking water treated 
pursuant to this invention will be provided to the animal(s) for a period just prior to slaughter. 
However, it is possible to provide the treated drinking water of this invention to animal(s) 
which are not to be slaughtered, such as dairy cows, egg-producing hens, horses, mules, or 
donkeys, as well as domestic animals such as cats, dogs, and rabbits, as well as zoo animals 
and animals in the wild such as deer, ducks, geese, and wild turkeys. In these situations the 
bacterial count of fecal matter from the animal can be controlled. 
[0029] In providing a drinking water composition of this invention to an animal, various 
regimes can be used. In the case of processing of animals for meat products, typically the 
period of availability of the treated water will directly precede slaughter. However, if desired, 
an intermediate period can be provided during which ordinary drinking water is furnished to 
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the animal before slaughter. Other regimes can be used especially where the animal is not to 
be slaughtered. Here it is possible to periodically furnish the animal a drinking water of this 
invention for short periods of time in between periods where the animal is provided with 
ordinary drinking water not treated pursuant to this invention. 

[0030] The microbiocides introduced into water to form animal drinking water compositions 

of this invention can be used alone or in combination with one or more other microbiocides 

® 

suitable for use in the drinking water of the animal, such as for example Aquatize biocide 

(Bioxy Incorporated, 3733 National Drive, Suite 115, Raleigh, NC 27612-4845), sodium 
® ® 

hypochlorite (Clorox bleach), Alcide biocide (Alcide Corporation, 125 Main St. Westport 
CT), and ozone which is available from various suppliers. 

[0031] The practice and advantages of this invention are illustrated by the following non- 
limiting Examples. 

EXAMPLE 1 

[0032] Comparative tests were conducted to determine the effect, if any, on the fecal 
bacteria counts of broilers receiving dosages of several different microbiocidal compositions. 
These compositions were administered to female broilers via drinking water during the both 
the last day of feed consumption and an ensuing 9-hour period of feed withdrawal (/.e., during 
a total period of 33 hours prior to processing). The test period began when broilers were 56 
days of age and continued through the 9-hour feed withdrawal period. A total of 100 birds 
of a chick strain were housed at hatch and used in the tests. Each test group contained 10 
female broilers randomly assigned into a given replicate group containing 10 female broilers 
per group. Ten test groups were employed. Sacrificial processing of the broilers began 
immediately after the end of the 9-hour period. Food and water consumption during the test 
period were determined. In addition, fecal bacteria and ending intestine condition were 
measured at the end of the 9 hours of feed withdrawal. 

[0033] The biocides tested were Aquatize biocide (Bioxy Incorporated), sodium 
® 

hypochlorite (Clorox bleach), and l,3-dibromo-5,5-dimethylhydantoin (hereinafter 
sometimes referred to as DBDMH. Table 1 shows the experimental design used in these tests. 
The microbiocides used in these tests were used only in the final 24-hour period during which 
feed for consumption was present and during the ensuing 9-hour period of feed withdrawal, 
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i.e., the 33-hour period. 



TABLE 1 



Test Group 


Microbiocide Tested 
(During the 33-hour period) 


Replicates 


Chicks per 
Replicate 


1 


None 


One 


10 


2 


® 

Clorox solution (6 ppm Cl 2 equivalent) 


One 


10 


3 


® 

/~ll{Uauz,c U1UC»1UC 1 . lUvU ^VOl'VOl ) 


One 


10 


4 


® 

Aquatize biocide 1 : 1 000 (vol: vol) 

olu<5 citrir ariH (C\ 01 ™f t<-»*o1 eAi,,f: m \ 
r lUd wuiu fltiu ^V/.V/I J /o oi loiai SOiUtlOn) 


One 


10 


5 


40% NaBr ^nlnrinn 1 • 1 AAA ^va1<ua1\ 
~ u ' u iioui ayiuiiwii i. iuWv I VOL VOl) 

plus Clorox solution (1 :3500 dilution) 


One 


10 


6 


40% NaBr dilution 1:2000 (vol:vol) 
plus Clorox solution (1 : 1 750 dilution) 


One 


10 


7 


40% NaBr ^olution 1:4000 (vol: vol) 
plus Clorox solution (1 : 1 200 dilution) 


One 


10 


8 


DBDMH (5 ppm Cl 2 equivalent) 


One 


10 


9 


DBDMH (10 ppm Cl 2 equivalent) | 


One 


10 


10 


DBDMH (15 ppm Cl 2 equivalent) 


One 


10 



[0034] Thedrinkingwatersolutionsofl 5 3-dibromo-5,5-dimethylhydantoinofthisinvention 
were formed using the following procedure. A stock solution of DBDMH was prepared by 
stirring 100 g of DBDMH into 1 0 liters (10,000 mL) of water for 20 minutes. After filtration, 
the resulting clear solution contains 1 300 mg per liter as Br 2 . This corresponds to 580 mg per 
liter (or 580 ppm Cl 2 when expressed as Cl 2 . The diluted solutions of DBDMH used in these 
tests were then formed as follows: 

1) To prepare the DBDMH test solution having 5 ppm Cl 2 equivalent, a total of 87.5 mL 
of the above stock solution was added to and mixed with 10 liters (10,000 mL) of 
prepared chicken chill water solution. 

To prepare the DBDMH test solution having 10 ppm Cl 2 equivalent, a total of 1 75.0 
mL of the above stock solution was added to and mixed with 10 liters (10,000 mL) of 
prepared chicken chill water solution. 

To prepare the DBDMH test solution having 15 ppm Cl 2 equivalent, a total of 262.5 



2) 



3) 



15 



WO 03/011033 PCTYUS02/20070 

mL of the above stock solution was added to and mixed with 10 liters (10,000 mL) of 
prepared chicken chill water solution. 
[0035] The following test protocol was used in the tests: 

a. The appropriate groups of birds at 55 days of age were placed in separate pens with 
water and litter contaminated with E. colL 

b. Test solutions of Aquatize biocide, sodium hypochlorite solution (Clorox bleach), 
NaBr solution activated by hypochlorite, or DBDMH were placed in appropriate pens 
as drinking water source (contaminated with E. coli) offered ad libitum for the last 33 
hours prior to processing (z.e, the 24-hour period of feed consumption followed by 
a 9-hour feed withdrawal period). 

c. After the 24-hour period of feed consumption, the feed was withdrawn from all 
treatment groups. Water consumption, including treatment groups, was allowed to 
continue for the next 9 hours. 

d. After the next 9 hours, 10 birds per pen were dispatched and the small intestine gut 
contents were collected for fecal material bacteria evaluation. The gut contents were 
collected by squeezing the gut; the gut was not scraped. 

e. Water consumption during the 9-hour feed withdrawal period was measured. 

f. Small intestine condition {i.e., redness) was rated after gut fecal collection. 

g. All the contents for each of the respective pens were placed into a single container for 
that particular pen. 

h. Fecal bacteria evaluation of fecal material for the respective pens was then conducted. 
[0036] Table 2 summarizes the results of this group of tests in terms of change in water 
consumption in the final 33-hour period and the mean fecal bacteria reduction resulting from 
use of the respective microbiocidal compositions. 



16 



WO 03/011033 



PCT/US02/20070 



TV -.4. 

lest 
Group 


Microbiocide Tested 


Change in Water 
Consumption 


Mean Fecal 
Bacteria Reduction 


l 


None 


Control 


Control 


2 


Clorox solution (6 ppm Cl 2 equivalent) 


(24.2%) 


11.1% 


3 


® 

Aquatize biocide l : 1 000 (vol : vol) 


(3.5%) 


78.6% 


4 


Aauatize hioci'Hp i*innn /\/r»i«x^i\ 

*■ i/juwuc 1 . 1 Vvv (VOL VOI J 

plus citric acid (0.015% of total solution) 


(7.8%) 


92.4% 


5 


40% NaBr solurinn 1 • 1 flfln (\irA *™*>x\ 

-rv r\j llOUl k^SgtlUlIUIl 1. 1UUU I VOL VOll 

plus Clorox solution (1:3500 dilution) 


(5.1%) 


63.7% 


6 


40% NaBr solution 1:2000 (vol: vol) 
plus Clorox solution (1:1750 dilution) 


(16.0%) 


72.3% 


7 


40% NaBr solution 1 -4000 fvnl -vnH 
plus Clorox solution (1 : 1 200 dilution) 


(19.7%) 


96.0% 


8 


DBDMH (5 ppm Cl 2 equivalent) 


1.9% 


92.6% 


9 


DBDMH (10 ppm Cl 2 equivalent) 


2.1% 


99.9999% 


10 


DBDMH (15 ppm Cl 2 equivalent) 


(0.3%) 


99.9999% 



EXAMPLE 2 

[0037] The procedure of Example 1 was repeated except that the experimental design 
forth in Table 3 was used. 



set 



Test 
Group 


Microbiocide Tested 
(During the 33-hour period) 


Replicates 


Chicks per 
Replicate 


1 


None 


Five 


40 


2 


Clorox solution (4 ppm Cl 2 equivalent) 


Five 


40 


3 


® 

Aquatize biocide 1 : 1000 (vol: vol) 


Five 


40 


4 


Aquatize biocide 1:2000 (vol:vol) 


Five 


40 


5 


Aquatize biocide 1 :3000 (vohvol) 


Five 


40 


6 


Aquatize biocide 1 :5000 (vohvol) 


Five 


40 


7 


DBDMH (3 ppm Cl 2 equivalent) 


Five 


40 


8 


DBDMH (7.5 ppm Cl 2 equivalent) 


Five 


40 


9 


DBDMH (10 ppm Cl 2 equivalent) 


Five 


40 
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[0038] The solutions of 1 ,3-dibromo-5,5-dimethylhydantoin of this invention were formed 
using the following procedure. A stock solution of DBDMH was prepared by stirring 100 g 
of DBDMH into 10 liters (10,000 mL) of water for 20 minutes. After filtration, the resulting 
clear solution contains 1300 mg per liter as Br 2 . This corresponds to 580 mg per liter (or 580 
ppm Cl 2 when expressed as Cl 2 .) The diluted solutions of DBDMH used in these tests were 
then formed as follows: 

1) To prepare the DBDMH test solution having 3 ppm Cl 2 equivalent, a total of 52.5 mL 
of the above stock solution was added to and mixed with 10 liters (10,000 mL) of 
prepared chicken chill water solution. 

2) To prepare the DBDMH test solution having 7.5 ppm Cl 2 equivalent, a total of 126.25 
mL of the above stock solution was added to and mixed with 10 liters (10,000 mL) of 
prepared chicken chill water solution. 

3) To prepare the DBDMH test solution having 10 ppm Cl 2 equivalent, a total of 1 75.0 
mL of the above stock solution was added to and mixed with 1 0 liters (10,000 mL) of 
prepared chicken chill water solution. 

[0039] In addition to water consumption and mean fecal bacteria reduction as determined 
in Example 1 , determination were also made of the mean feed consumption in terms of grams 
per bird during the final 24-hour period of feed availability before slaughter. In addition, 
visual observations were made of intestinal redness of the dispatched fowl. The intestinal 
redness scale used was as follows: 0 = small intestine is clear; 1 = less than one-third is red; 
2 = between one-third and one-half of the intestine is red; 3 = more than one-half of the 
intestine is red. 

[0040] Tables 4 and 5 summarize the results of these tests. In Table 4 the change in water 
consumption is that occurring in the 33-hour period prior to slaughter. In Table 5 the mean 
feed consumption is in terms of grams per bird during the final 24-hour period during which 
feed was available to the birds. 



TABLE 4 



Test 


Microbiocide Tested 


Change in Water 


Mean Fecal Bacteria 


Group 




Consumption 


Reduction 


1 


None 


Control 


Control 


2 


Clorox solution (4 ppm Cl 2 equivalent) 


(32.3%) 


66.8% 
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3 


~~ ~ ® 

Aquatize biocide 1 : 1 000 (vol: vol) 


(19.6%) 


91.3% j 


4 


® 

Aquatize biocide 1 :2000 (vol: vol) 


(1.8%) 


79.2% 


5 


® 

Aquatize biocide 1 ■ 3 000 (vol ■ v/Vh 


(J .2/0) 


68.4% 


6 


® 

Aquatize biocide 1:5000 (vol:vol) 


2.1% 


61.1% 


7 


DBDMH (3 ppm Cl 2 equivalent) 


1.3% 


89.6% 


8 


DBDMH (7.5 ppm Cl 2 equivalent) 


0.3% 


99.9999% 


9 


DBDMH (10 ppm Cl 2 equivalent) 


(0.9%) 


99.9999% 



Test 
Group 


Microbiocide Tested 


Mean Feed 
Consumption, g/bird 


Intestinal 

Redness 

Measurement 


1 


None 


197 


0.3 


2 


Clorox solution (4 ppm Cl 2 equivalent) 


152 


2.2 | 


3 


® 

Aquatize biocide 1 : 1 000 (volrvol) 


173 


0.8 


4 


® 

Aquatize biocide 1:2000 (volrvol) 


196 


0.4 


5 


® 

Aquatize biocide 1:3000 (vol:vol) 


205 


0.5 


6 


® 

Aquatize biocide 1 :5000 (vohvol) 


198 


0.1 


7 


DBDMH (3 ppm Cl 2 equivalent) 


199 


0.3 


8 


DBDMH (7.5 ppm Cl 2 equivalent) 


206 


0.5 


9 


DBDMH (10 ppm Cl 2 equivalent) 


204 


0.4 



EXAMPLE 3 

[0041] Comparative tests were conducted to determine the fecal bacteria counts, if any, of 
beef steers reared in a feedlot setting and receiving either no disinfecting agent, Aquatize® 
biocide, sodium hypochlorite solution (Clorox Bleach), or l,3-dibromo-5,5-dimeth- 
ylhydantoin (DBDMH) administered via drinking water when administered the last two days 
of feed consumption (48 hours prior to processing). A total of 15 beef steers weighing 
800-950 pounds housed in individual pens were used in the study. These steers were offered 
normal drinking water with either no disinfecting agent (Control), or specified dosages of 
Aquatize®, Clorox Bleach, or DBDMH. Each drinking water solution (contaminated with 
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E. coli) was offered continuously ad libitum during the 48-hour period, at which time fecal 
sample collection occurred. The fecal material samples were taken by anal swab from each 
steer for total fecal bacteria evaluation. Food consumption, water consumption, fecal bacteria, 
and ending intestine condition were measured at the end of the study. Each group of steers 
treated with a given biocide consisted of 5 steers, thus providing five replicates for a total 
number of 15 animals on study (plus controls). Table 6 shows the experimental design used 
in these tests. 



TABLE 6 



Test 
Group 


Test Material 

(During 24 hr feed consumption + 9 hr feed withdrawal) 


Reps 


Beef 

Steers/Rep 


1 


None 


5 


One(l) 


2 


Clorox (or 4 ppm Cl 2 equivalent) 


5 


One (1) 


3 


Aquatize® (1 : 1000 dilution rate) 


5 


One(l) 


4 


DBDMH (7.5 ppm Cl 2 equivalent) 


5 


One(l) 



[0042j Th e results of these tests are summarized in Table 7. 

TABLE 7 



Water Treatment 1 


Average Water 
Consumption (% Change) 


Average Fecal Bacteria 
(% Reduction) 


Feed Consumption 
Reduction (post 48 hr ; 
Water Treatment) 


None (Control) 








Clorox (3 ppm C1J 


18% 


31% 


-18% 


Aquatize 

(1:1000 dilution rate) 


22% 


55% 


-9% , 


DBDMH (7.5 ppm) 


2% 


92% 


-2% 



EXAMPLE 4 

[0043] Comparative tests were conducted to determine the fecal bacteria counts, if any, of 
swine reared in a typical commercial setting and receiving either no disinfecting agent, 
Aquatize biocide, sodium hypochlorite solution (Clorox bleach), or 
l,3-dibromo-5,5-dimethylhydantoin (DBDMH) administered via drinking water when 
administered the last two days of feed consumption (48 hours prior to processing). A total 15 
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pigs weighing 230-250 pounds each housed in individual pens were used in the study. The 
pigs were offered normal drinking water with either no disinfecting agent (Control), or 
specified dosages of Aquatize®, Clorox bleach, or DBDMH. Each drinking water solution 
(contaminated with E. coif) was offered continuously ad libitum during the 48-hour period, 
at which time fecal sample collection occurred. The fecal material samples were taken by anal 
swab from each pig for total fecal bacteria evaluation. Food consumption, water 
consumption, fecal bacteria, and ending intestine condition were measured at the end of the 
study. Each group of pigs treated with a given biocide consisted of 5 replicates of 1 pig per 
replicate foratotal of 5 animals in each test group. Table 8 describes the experimental design 
of these tests. 

TABLE 8 



Test 
Group 


Test Material 

(During 24 hr feed consumption + 9 hr feed withdrawal) 


Reps 


Pigs/Rep 


1 


None 


5 


One (1) 


2 


Clorox (or 4 ppm Cl 2 equivalent) 


5 


One(l) 


3 


8 1 

Aquatize (1 : 1 000 dilution rate) 


5 


One(l) 


4 


" g — ' 

Aquatize (1 :2000 dilution rate) 


5 


One(l) 


5 


w~ 

Aquatize (1 :3000 dilution rate) 


5 


One(l) 


6 


" ® 

Aquatize (1 :5000 dilution rate) 


5 


One(l) 


7 


DBDMH (3 ppm Cl 2 equivalent) 


5 


One(l) 


8 


DBDMH (7.5 ppm Cl 2 equivalent) 


5 


One(l) 



[0044] Table 9 summarizes the results of this study. 

TABLE 9 



Water Treatment 


Average Water 
Consumption (% Change) 


Average Fecal 
Bacteria Reduction (%) 


None (Control) 






Clorox 

(or 4 ppm Cl 2 equivalent) 


-41% 


55% 


Aquatize® 

(1:1000 dilution rate) 


-9% 


87% 


Aquatize® 

(1:2000 dilution rate) 


-4% 


61% 
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Aquatize 

(1:3000 dilution rate) 


-2% 


45% 


. ® 
Aquatize 

(1:5000 dilution rate) 


-3% 


32% 


DBDMH 

(3 ppm Cl 2 equivalent) 


-1% 


82% 


DBDMH 

(7.5 ppm Cl 2 equivalent) 


-4% 


96% 



EXAMPLE 5 

[0045] A study was made to determine the efficacy and safety of various drinking water 
treatments provided to immature broilers housed in battery cages for 21 days. In these tests, 
the drinking water for newly hatched chicks was treated with various chemicals and the chicks 
were provided with drinking water from given supply of a given treated water for a period of 
21 days. Upon completion of the study, birds were examined for differences, if any, in body 
weight gain, feed efficiency, and fecal bacteria counts resulting from use of the various water 
treatments. Potential mortality was the key measure of safety. This study was conducted in 
compliance with the Food and Drug Administration's Good Laboratory Practices regulations 
(21 CFR Part 58), Adequate and Well-Controlled Studies (21 CFR Part 514.117), New 
Animal Drugs for Investigational Use (21 CFR Part 5 1 1), and CVM Guidelines for Conduct 
of Clinical Investigations: Responsibilities of Clinical Investigators and Monitors for 
Investigational New Animal Drug Studies, October, 1992. The chemicals added to the 
respective sources of the drinking water were hypochlorite solution (Clorox bleach), 
1 ,3-dibromo-5,5-dimethylhydantoin (DBDMH; Albemarle Corporation), N^-bromochloro- 
5,5-dimethylhydantoin (often referred to herein as BCDMH), and sulfamate stabilized 
bromine chloride (often referred to herein as SSBC) (Stabrom® 909 biocide; Albemarle 
Corporation). 

[0046] The test was initiated with 1 040 healthy chicks (approximately 50% being males and 
50% being females). The birds were weighed and randomly placed in cages at hatch. E. Coli 
was administered to the birds at hatch to 3 days post hatch via drinking water treatment (Os 
inoculation) using a grown live culture of 10 5 E. Coli per mL of drinking water. The test 
materials in the drinking water were administered for the total test period of 2 1 days. Twelve 
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treatment groups plus a control group were fed for 2 1 days, not counting any mortality which 
occurred. 



was 



[0047] A common commercial basal starter feed devoid of coccidiostats and antibiotics 
administered ad libitum for the duration of the trial, with all chicks fed the same diets. No 
medications such as arsenicals, and no vaccinations were given during the entire experimental 
feeding period composed of day of hatch to day 21 post hatch. 
[0048] The test groups used in this study are identified in Table 1 0. 

TABLE 10 



Test Group 


Test Material 


Test Material 
Level 


No. of Blocks 


No. of Broilers 
per Block 


Total Broiler 
per Test Group 


1 


None (Control) 


N/A 


8 


10 

(5M + 5F) 


80 


2 


Clorox 
(Bleach) 


4 ppm Cl 2 

pfiniva lpnt 

t-VJUi v OlCIll 


8 


10 

(5M + 5F) 


80 


3 


Clorox 
(Bleach^ 


8 ppm Cl 2 

ci^ui v axcni 


8 


10 

(5M + 5F) 


80 


4 


Clorox 
fBleaclri 


12 ppm Cl 2 
equivalent 


8 


10 

(5M + 5F) 


80 


5 


DBDMH 


4 ppm Cl 2 
equivalent 


8 


10 

(5M + 5F) 


80 


6 


DBDMH 
(SBS102H 


8 ppm Cl 2 

^/llli i/a Ion 4 

cqui vtiiein 


8 


10 

(5M + 5F) 


80 


7 


DBDMH 
(SBS1021) 


12 ppm Cl 2 
equivalent 


8 


10 

(5M + 5F) 


80 


8 


BCDMH 
(Brom Tabs) 


4 ppm Cl 2 
equivalent* 


8 


10 

(5M + 5F) 


80 


9 


BCDMH 
(Brom Tabs) 


8 ppm Cl 2 
equivalent* 


8 


10 

(5M + 5F) 


80 


10 


BCDMH 
(Brom Tabs) 


12 ppm Cl 2 
equivalent* 


8 


10 

(5M + 5F) 


80 


11 


SSBC 


4 ppm Cl 2 
equivalent 


8 


10 

(5M + 5F) 


80 


12 


SSBC 


8 ppm Cl 2 
equivalent 


8 


10 

(5M + 5F) 


80 


13 


SSBC 


12 ppm Cl 2 
equivalent 


8 


10 

(5M + 5F) 


80 


TOTAL 


8/treatment 


10/block 


1040 
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[0049] The procedures used in forming the drinking water solutions identified in Table 10 
were as follows: 

a) Clorox bleach solutions - to maintain an accurate Cl 2 equivalent, 20.0 g of Clorox 
(5.25% NaOCl) was stirred into 1 liter of de-ionized water to create a stock solution. 
For 4 ppm Cl 2 equivalent, 4 mL of stock solution was added to and mixed with 1 liter 
of water. For 8 ppm Cl 2 equivalent, 8 mL of stock solution was added to and mixed 
with 1 liter of water. For 12 ppm Cl 2 equivalent, 12 mL of stock solution was added 
to and mixed with 1 liter of water. 

b) DBDMH - to maintain an accurate Cl 2 equivalent, 1 0.0 g of DBDMH was and stirred 
into 1 liter of de-ionized water to create a stock solution which was mixed well for at 
least 20 minutes. Not all of the DBDMH dissolved, but the resultant solids-containing 
solution was a saturated solution. In forming the test drinking water solutions, gravity 
filtration was employed so as to filter off the insolubles. For 4 ppm Cl 2 equivalent, 
7.0 mL of stock solution was mixed with 1 liter of water. For 8 ppm Cl 2 equivalent, 
14.0 mL of stock solution was mixed with 1 literofwater. For 12 ppm Cl 2 equivalent, 
21.0 mL of stock solution was mixed with 1 liter of water. 

c) BCDMH (Brom Tabs; obtained from N. Jonas & Co., Inc.) - to maintain an accurate 
Cl 2 equivalent, 10.0 g of BCDMH was stirred into 1 liter of de-ionized water to create 
a stock solution and mixed well for at least 20 minutes. Not all of the BCDMH 
dissolved, but the resultant solids-containing solution was a saturated solution. In 
forming the test drinking water solutions, gravity filtration was employed to filter off 
the insolubles. For 4 ppm Cl 2 equivalent, 7.0 mL of stock solution was mixed with 
1 liter of water. For 8 ppm Cl 2 equivalent, 14.0 mL of stock solution was mixed with 
1 liter of water. For 12 ppm Cl 2 equivalent, 21 .0 mL of stock solution was mixed with 
1 liter of water. 

® 

d) SSBC - to maintain an accurate Cl 2 equivalent, 14.4 g of Stabrom 909 biocide 
solution was stirred into 1 liter of de-ionized water to create a stock solution. For 4 
ppm Cl 2 equivalent, 4 mL of stock solution was mixed with 1 liter of water. For 8 
ppm Cl 2 equivalent, 8 mL of stock solution was mixed with 1 liter of water. For 12 
ppm Cl 2 equivalent, 12 mL of stock solution was mixed with 1 liter of water. 

[0050] On day of hatch the mean body weights of the treatment groups were compared to 
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the control group. Groups with mean weights greater or less than one standard deviation of 
the mean control group were subjected to another randomization to assure equal distribution 
of weight among all of the groups tested. The broiler chicks were housed in battery cages. 
In all, 39 cages were used in this test. Each cage served as an experimental unit. The cages 
were located in a room of wood/cinder block structure with metal roof and low ceiling 
insulated to R value of 19 for the roof and 12 for the side walls. No cage touched any other 
cage from the side so as to ensure prevention of cross-contamination. Each cage was a 
separate free-standing cage, and the cages were separated by a wire partition. A cross-house 
ventilation system and ceiling fans were evenly spaced in the wood/cinder block structure. 
Room humidity was not monitored. Warm room brooding was provided using forced air 
heaters during day of hatch to day 21 post hatch. Also, continuous 24-hour lighting was 
provided by means of incandescent lights. Cages, aisles, feeders and waterers were sanitized 
prior to bird placement on day of hatch. Because no contaminants that could interfere with 
study objectives are expected in the feed, no assays for potential contaminants were 
performed. Drinking water for use by the respective test groups was provided ad libitum at 
all times. The facility tap water was supplied via well and subjected to regulation by the U.S. 
Environmental Protection Agency. Water supplied to the test facilities was subject to 
quarterly analyses for mercury, lead, conductivity, pH, fluoride and coliform. Since no 
contaminants that might interfere with study objectives were expected to occur in the water, 
no assays for other potential contaminants were performed. 
[0051] The observations, tests and measurements used were as follows: 

a) Broilers were observed three times daily beginning on day of hatch to determine 
mortality or the onset, severity, and duration of any behavioral changes or evidence 
of toxicity (including fecal material condition, presence of diarrhea, nervousness, 
accessibility to water and feed, general bird appearance, and any adverse conditions 
which should affect performance). 

b) Any unusual observations were recorded and confirmed by a veterinarian. 

c) On Trial Day 2 1 , body weights were taken by weighing individual broilers in a cage 
and recorded. Body weight gain was calculated by determining actual body weight 
gain (ending minus beginning weights) during the period of day of hatch to day 21 
post hatch. 
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d) During day of hatch to day 21 post hatch, mortality was observed daily and reported 
as percentage per time period. 

e) Food consumption was evaluated for each cage for the entire trial (day of hatch to day 
21 post hatch). A separate container (feed trough) was assigned for each cage. 

f) The initial tare weight for each feed trough was recorded on day of hatch. Feed was 
added and the weight recorded. 

g) Prior to adding feed, the feed trough was weighed and the weight recorded (Weight 
out). Feed out means feed that is removed and taken out of the calculations. New feed 
was added and the weight recorded (Weight in). 

h) Any feed that may have been inadvertently spilled during the course of the study was 
noted on the daily observation sheet. Feed spilled was weighed (weights recorded on 
appropriate forms) and discarded and thus not used for further consumption. 

i) Feed consumption was calculated as feed consumption divided by body weight gain 
for each period {calculated for both ending minus mortality body weight gain and 
ending body weight plus mortality body weight gain). 

j) Statistical evaluations involved use of randomized block (Power of the test to detect 
a 5% difference from the mean using a alpha of 0.05 and a beta of .20 -.25). Block 
may include gender and/or location. 

k) Temperature (at bird height) was observed and recorded three times per day (one 
reading per house). A temperature of 85 ± 5°F or within the limits of facility (if 
environmental temperature rises above 85°F this temperature may rise above) was 
maintained for the first week and reduced 1°F per day until 70°F is reached. 

1) A determination of total fecal bacteria was conducted at trial day 21 or age. 

m) All birds were sacrificed on trial day 21 . 

n) Necropsy examinations were performed during the study by qualified personnel on all 
broilers found dead or moribund. All animals placed on study were gross necropsied 
and observations were recorded. 

o) Bacteria count determination: At time of necropsy, a fecal sample from the gut of each 
bird was taken and pooled with fecal samples of all birds from that cage only (4 
samples pooled minus mortality) and placed in plastic sample bags. A swab was 
dipped into the combined fecal pool for each cage and stirred into the entire mixture. 
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The excess fecal material on the swab was taken off by using the inside of the bag 
from which the fecal sample came, and wiping off the excess. The swab was then be 
stirred into a syringe with 5 mL of distilled water. Each of these samples was placed 
on MacConkey Agar plates (3-sectioned plates) by dropping 0.1 mL of finished 
solution into a section of the plate. The plates were marked by treatment type and 
each section was marked by unit number (cage number). Each of the 3 replications 
for each treatment was placed into the same agarplate, but into the 3 different sections 
for each replicate. The plates were incubated overnight for approximately 12 hours 
at 37°C. The CFU's (Colony Forming Units) were then observed and the count 
recorded. 

p) Records were maintained of period observations, daily mortality and clinical 
observations, body weights, environmental monitoring records for the animal facility, 
environmental monitoring records for the test article and diet storage areas, feed 
consumption, test article accountability, animal receipt and source records, necropsy 
data, protocol and amendments, SOP and protocol deviations, chain of custody records 
for all specimens and samples generated. 
[0052] Data generated during the study was subjected to the following statistical tests: For 
all parameters, the multi-factorial procedure was used to compare means of treatment groups, 
using ANOVA (Analysis of Variance). Means will further be separated using Least 
Significant Difference. 

[0053] Table 1 1 summarizes the results of this series of tests. 

TABLE 11 



Test Material 


Live Animal Performance (1-21 days of age) 1 


Mean Body Wt. (g) 


Feed 

Conversion 


Mortality (%) 


Feed 21 -day Bacteria 
(% change from control) 


None (Control) 


683.4 cde 


1.317 ab 


5.00 ab 




Bleach - 4 ppm 
Cl 2 equivalent 


676.5 ef 


1.314 ab 


6.25 ab 


28 


Bleach - 8 ppm 
Cl 2 equivalent 


664.0 fg 


1.335 b 


10.00 be 


68 


Bleach - 12 ppm 
Cl 2 equivalent 


647.0 g 


1.373 c 


13.75 c 


66 
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DBDMH - 4 ppm 
Cl 2 equivalent 


697.9 abed 


1.322 ab 


2.50 a 


85 


DBDMH - 8 ppm 
Cl 2 equivalent 


709.4 ab 


1.300 ab 


5.00 ab 


97 


DBDMH - 12 ppm 
Cl 2 equivalent 


711.1a 


1.287 a 


5.00 ab 


99 


BCDMH - 4 ppm 
Cl 2 equivalent 


680.5 def 


1.315 ab 


2.50 a 


45 


BCDMH - 8 ppm 
Cl 2 equivalent 


690.9 bede 


1.312 ab 


5.00 ab 


73 


BCDMH - 12 ppm 
Cl 2 equivalent 


697.0 abed 


1.301 ab 


3.75 a 


83 


SSBC - 4 ppm 
Cl 2 equivalent 


677.5 ef 


1.321 ab 


6.25 ab 


66 


SSBC -8 ppm 
Cl 2 equivalent 


682.9 efg 


1.322 ab 


6.25 ab 


79 


SSBC - 12 ppm 
Cl 2 equivalent 


702.4 abc 


1.300 ab 


5.00 ab 


92 



'NOTE: Means within a row without a common superscript are significantly different (P<0.05) as 
determined by Least Significant Difference. 



[00541 It can be seen from Table 1 1 that: 

1 ) DBDMH, BCDMH, and SSBC were all found to be safe to administer to baby chicks 
(i.e., they did not create excessive mortality and weight gain loss). 

2) Body weights appeared to be larger when either DBDMH (8 or 1 2 ppm) or SSBC (12 
ppm) were administered. 

3) DBDMH administered at either 8 or 12 ppm appreciably reduced fecal bacteria to 
96-99% total bacteria reduction. 

[0055] Table 1 2 summarizes in tabular form the schedule of events which took place during 

the experimental program of Example 5. Tables 13 through 15 present and summarize the 

data from the experimental program of Example 5 in greater detail. In Tables 13-15 bleach 

is sodium hypochlorite, DBDMH is l,3-dibromo-5,5-dimethylhydantoin, BCDMH is N,N f - 

bromochloro-5,5-dimethylhydantoin, and SSBC is active bromine formed from bromine 

® 

chloride, sodium sulfamate, and sodium hydroxide in water (Stabrom 909 biocide). 
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TABLE 12 - Schedule of Events 





Day of Hatch 


^uiic^l group ooay weignts m grams by band or leg number 


X 


X 


Start of te«5t feeH<3 


X 




Starter F<***H P^rirkH ctar+e 


X 




End pYnpfi mental T^Y'^/l j nrr 

i-^uu x-»Apciiiucuiai -TGeuing 




X 


isaiiy woacrvaiions ^eacn day) 


X 


X 


Room TptrmAratrir** ^kf^A J— \ 

ivuum i crnperauire ^inree times per day) 


X 


X 


rvvciagc ooay weignt aetermination 


X 


X 


K or>H t r\n ci i mnti rv« 
x uuu VxUlloUIIipilOIl 




X 


j.vAuiuiniy iZfiiuing \jjenoQ en us J 




X 


Daily Gain Ending 




V" 
A 


Feed Conversion Ending 




X 


Mortality: day of hatch to day 21 post hatch 




X 


Fecal Bacteria Count Determination 




X 


End of Trial 




X 


T est Material and Finished Feed Inventory: Test material 
remaining, finished feed not consumed, and finished feed in final 
storage will disposed of by burying in a private landfill 




X 
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Rep 
Mean 


680.92 
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685.85 


684.38 


00 

VO 


687.08 


682.08 


689.54 














co 


SSBC 


12 ppm 


OO 


OO 
NO 


so 


VO 
CN 


o 




NO 


in 
CN 

r*» 




702.4 


x> 

CO 


20.89 


2.97 




CN 


SSBC 


8 ppm 


«o 

NO 


On 
0\ 

NO 


in 


CN 
00 
NO 


r* 

VO 


in 

NO 
NO 


IO 
NO 


CN 

o 
r- 




682.9 




19.81 


2.84 




— 


SSBC 


4 ppm 


tO 

o 
r- 


NO 
NO 


o 
to 

NO 


r» 
On 

NO 


VO 


in 

Os 

NO 


OO 

r- 

NO 


o 

NO 
NO 




677.5 




18.67 


2.76 
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q\ 

NO 


CN 
00 
NO 


CN 
CN 
t> 
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LVZ 
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>o 
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[0056) While chemists understand what is meant by "aqueous" in connection with a solution 
or medium or the like, it is probably desirable to state for anyone who may make it a profession 
to quibble over every word someone uses, just what "aqueous" means. The adjective "aqueous" 
means that the solution or medium or whatever other noun the adjective modifies, can be water 
whether highly purified or of ordinary purity such as emanates from the faucet. Besides 
naturally-occurring trace impurities that may be present in, say, potable water in general, such 
as ordinary well water or municipal water, the adjective "aqueous" also permits the presence in 
the water of dissolved salts that are formed in the course of forming a bromine-based 
microbiocide in the water, e.g. , by reaction between bromine chloride and sodium sulfamate in 
an overbased aqueous solution. Also "aqueous" permits the presence in the water of the amount 
of the halogen-based microbiocide itself to the extent that it may dissolve in the water, plus any 
dissolved reactant(s) that may remain after the reaction. Also the water may contain a few 
atoms that may dissolve from the vessel in which the reaction takes place, plus air-borne 
impurities that may find their way into the water. The point here is that the term "aqueous" does 
not restrict the medium or solvent to absolutely pure water - the aqueous solution or medium 
or the like can contain what would normally be present and/or reasonably be expected to be 
present in it under the particular circumstances involved when employing ordinary common 
sense. Nor does the term "water" denote that it must be absolutely pure; but normally water 
itself before being used in the practice of the invention will not contain as many things as, say, 
an aqueous medium in which a chemical reaction such as the reaction between bromine chloride 
and sodium sulfamate has taken place or in which a bromine-based microbiocide has been 
dissolved. 

[0057] Compounds referred to by chemical name or formula anywhere in this document, 
whether referred to in the singular or plural, are identified as they exist prior to coming into 
contact with another substance referred to by chemical name or chemical type (e.g., another 
component, or a solvent). It matters not what preliminary chemical changes, if any, take place 
in the resulting mixture or solution, as such changes are the natural result of bringing the 
specified substances together under the conditions called for pursuant to this disclosure. Also, 
even though the claims may refer to substances in the present tense (e.g., "comprises" or "is"), 
the reference is to the substance as it exists at the time just before it is first contacted, blended 
or mixed with one or more other substances in accordance with the present disclosure. 
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[0058] Except as may be expressly otherwise indicated, the article "a" or "an" if and as used 
herein is not intended to limit, and should not be construed as limiting, the description or a 
claim to a single element to which the article refers. Rather, the article "a" or "an" if and as 
used herein is intended to cover one or more such elements, unless the text expressly indicates 
otherwise. 

[0059] As used herein the term "microbiocidally-effective amount" denotes that the amount 
used controls, kills, or otherwise reduces the bacterial or microbial content of the fecal matter 
of an animal by a statistically significant amount as compared to fecal matter from the same 
type of animal receiving the same type of feed under the same type of conditions. The term 
"substantially exclusive" as used hereinafter means, quite simply, that it matters not if by 
chance or design ordinary drinking water is given to an animal during a period when a treated 
drinking water of this invention is otherwise being provided to the animal, provided that the 
animal receives enough of the treated drinking water of this invention to result in a decrease 
in its fecal bacterial content. In such cases, interruptions in the administration of the drinking 
water of this invention to the animal are within the contemplation and scope of the present 
invention. Also, the term "water-soluble" merely denotes that the substance has enough 
solubility in water to serve its intended purpose and function. The substance need not be 
soluble in all proportions or even highly soluble in water. 

[0060] This invention is susceptible to considerable variation within the spirit and scope of 
the appended claims. 
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CLAIMS: 

1. A method of reducing fecal contamination in an animal, which method 
comprises providing to the animal drinking water containing a microbiocidally-effective 
amount of halogen-based microbiocide resulting from mixing with water: 

A) a product formed in an aqueous medium from (i) bromine, chlorine, or bromine 
chloride, or any two or all three thereof, (ii) a water-soluble source of sulfamate anion, 
and (iii) a water-soluble base; or 

B) at least one l,3-dihalo-5,5-dialkylhydantoin in which one of the halogen atoms is a 
chlorine atom and the other is a chlorine or bromine atom, and in which each of the 
alkyl groups, independently, contains in the range of 1 to about 4 carbon atoms; or 

C) at least one l,3-dibromo-5,5-dialkyIhydantoin in which one of the alkyl groups is a 
methyl group and the other alkyl group contains in the range of 1 to about 4 carbon 
atoms; or 

D) any two or more of A), B), and C) hereof. 

2. A method according to Claim 1 wherein A), in the form of an aqueous alkaline 
concentrated solution containing at least about 50,000 ppm (wt/wt) of active bromine, is 
diluted one or more times with water to provide said microbiocidally-effective amount of 
halogen-based microbiocide in said drinking water. 

3. A method according to Claim 2 said aqueous alkaline concentrated solution 
contains at least about 100,000 ppm (wt/wt) of active bromine, has an atom ratio of nitrogen 
from (ii) to active bromine from (i) that is greater than about 0.93, and has a pH of at least 
about 12. 

4. A method according to Claim 2 said aqueous alkaline concentrated solution 
contains in the range of 145,000 to 160,000 ppm (wt/wt) of active bromine, has 

an atom ratio of nitrogen from (ii) to active bromine from (i) that is greater than about 1 , and 
has a pH in the range of 13 to 14. 

5. A method according to Claim 1 wherein B), in the form of solids or in the form 
of a water solution or slurry, is mixed with water and optionally the water mixture is further 
diluted one or more times with water, to provide said microbiocidally-effective amount of 
halogen-based microbiocide in said drinking water, and wherein B) before it is mixed with 
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any water is N,N'-bromochloro-5,5-dimethylhydantoin or a mixture composed of more than 
50 wt% ofN^-bromochloro-S^-dimethylhydantoin together with less than 50% wt% of 1 ,3- 
dichloro-5,5-dimethylhydantoin and l,3-dichloro-5-ethyl-5-methylhydantoin. 

6. A method according to Claim 1 wherein C), in the form of solids or in the form 
of a water solution or slurry, is mixed with water and optionally the water mixture is further 
diluted one or more times with water, to provide said microbiocidally-effective amount of 
halogen-based microbiocide in said drinking water, and wherein C) before it is mixed with 
any water is l,3-dibromo-5,5-dimethylhydantoin. 

7. A method according to Claim 6 wherein said l,3-dibromo-5,5- 
dimethylhydantoin before it is mixed with any water is in the form of granules having a 
compression strength of at least about 15 pounds per inch and wherein said granules are 
devoid of any binder or other component tending increase the compression strength of the 
granules. 

8. A method according to any of Claims 1 , 2, 3, 4, 5, 6, or 7 wherein said animal 
is poultry, swine, sheep, or cattle. 

9. In the processing of at least one animal for at least one meat product, the 
improvement which comprises reducing fecal contamination in said at least one animal prior 
to slaughter, which method comprises providing to the animal as its exclusive or substantially 
exclusive source of drinking water during a period prior to slaughter, drinking water 
containing a microbiocidally-effective amount ofhalogen-based microbiocide resulting from 
mixing with water: 

A) a product formed in an aqueous medium from (i) bromine, chlorine, or bromine 
chloride, or any two or all three thereof, (ii) a water-soluble source of sulfamate anion, 
and (iii) a water-soluble base; or 

B) at least one l,3-dihalo-5,5-dialkylhydantoin in which one of the halogen atoms is a 
chlorine atom and the other is a chlorine or bromine atom, and in which each of the 
alkyl groups, independently, contains in the range of 1 to about 4 carbon atoms; or 

C) at least one l,3-dibromo-5,5-dialkylhydantoin in which one of the alkyl groups is a 
methyl group and the other alkyl group contains in the range of 1 to about 4 carbon 
atoms; or 
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D) any two or more ofA),B), and C) hereof. 

10. The improvement according to Claim 9 wherein said at least one animal is 
poultry, swine, sheep, or cattle. 

11. The improvement according to Claim 9 wherein said microbiocidally-effective 
amount of halogen-based microbiocide in said drinking water is in the range of 1 to 100 ppm 
(wt/wt) expressed as Br 2 . 

12. The improvement according to Claim 9 wherein said microbiocidally-effective 
amount of halogen-based microbiocide in said drinking water is in the range of 4 to 30 ppm 
(wt/wt) expressed as Br 2 . 

13. The improvement according to Claim 9 wherein said microbiocidaUy-effective 
amount of halogen-based microbiocide results from use of an aqueous alkaline concentrated 
solution formed in an aqueous medium from (i) bromine, chlorine, or bromine chloride, or any 
two or all three thereof, (ii) a water-soluble source of sulfamate anion, and (iii) a water-soluble 
base, as the microbiocide that is mixed with water; and wherein prior to being mixed with the 
water said aqueous alkaline concentrated solution contains at least about 100,000 ppm (wt/wt) 
of active bromine, has an atom ratio of nitrogen from (ii) to active bromine from (i) that is 
greater than about 1 , and has a pH of at least about 12. 

14. In a facility for processing of animals for at least one meat product, saidfacility 
having at least one container of drinking water accessible to at least one animal prior to 
slaughter, the improvement which comprises the presence in said drinking water of a 
microbiocidally-effective amount of halogen-based microbiocide resulting from mixing with 
water: 

A) a product formed in an aqueous medium from (i) bromine, chlorine, or bromine 
chloride, or any two or all three thereof, (ii) a water-soluble source of sulfamate anion, 
and (iii) a water-soluble base; or 

B) at least one l,3-dihalo-5,5-dialkylhydantoin in which one of the halogen atoms is a 
chlorine atom and the other is a chlorine or bromine atom, and in which each of the 
alkyl groups, independently, contains in the range of 1 to about 4 carbon atoms; or 

C) at least one 1 ,3-dibromo-5,5-dialkylhydantoin in which one of the alkyl groups is a 
methyl group and the other alkyl group contains in the range of 1 to about 4 carbon 
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atoms; or 

D) any two or more of A), B), and C) hereof. 

15. The improvement according to Claim 14 wherein said microbiocidally- 
effective amount of halogen-based microbiocide results from use of A) as the microbiocide 
that is mixed with water; and wherein prior to being mixed with the water said aqueous 
alkaline concentrated solution of A) contains at least about 100,000 ppm (wt/wt) of active 
bromine, has an atom ratio of nitrogen from (ii) to active bromine from (i) that is greater than 
about 1, and has a pH of at least about 12. 

16. The improvement according to either of Claims 9 and 14 wherein said 
microbiocidally-effective amount of halogen-based microbiocide results from use of N,N'- 
bromochloro-5,5-dimethylhydantoin as the microbiocide that is mixed with water. 

17. The improvement according either of Claims 9 and 14 wherein said 
microbiocidally-effective amount of halogen-based microbiocide results from use of a mixture 
composed of more than 50 wt% of N,N ? -bromochloro-5,5-dimethylhydantoin together with 
less than 50% wt% of l,3-dicMoro-5-ethyl-5-methylhydantoin as the microbiocide that is 
mixed with water. 

18. The improvement according to either of Claims 9 and 14 wherein said 
microbiocidally-effective amount of halogen-based microbiocide results from use of 1,3- 
dibromo-5,5-dimethylhydantoin as the microbiocide that is mixed with water. 

1 9. The improvement according to any of Claims 13, 14, 1 5, 1 6, 1 7, or 1 8 wherein 
said at least one animal is poultry, swine, sheep, or cattle, and wherein said microbiocidally- 
effective amount of halogen-based microbiocide in said drinking water is in the range of 1 to 
100 ppm (wt/wt) expressed as Br 2 . 

20. The improvement according to any of Claims 13, 14, 15, 16,17or 18 wherein 
said at least one animal is poultry, swine, sheep, or cattle, and wherein said microbiocidally- 
effective amount of halogen-based microbiocide in said drinking water is in the range of 4 to 
30 ppm (wt/wt) expressed as Br 2 . 
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